Introduction
The past decade has seen a tremendous increase in our understanding of the pathogenesis of inflammatory bowel disease [1, 2] . Advances in genetics and computational methods have led to the identification of 163 loci that modify risk of Crohn's disease (CD) or ulcerative colitis (UC) [3••] . A total of 30 and 23 single nucleotide polymorphisms (SNPs) appear to be distinctly associated with CD and UC, respectively, while another 110 loci are common to both diseases. Nevertheless, known risk loci convey less than a third of the risk for either disease [2] . Indeed, epidemiologic data suggest a strong role for the environment [4] [5] [6] . Disease concordance in monozygotic twins approaches 50 % at best, with many studies suggesting that the estimates may be lower. The risk of IBD in the immigrant population resembles that of country of residence rather than the country of origin [7] . Also, countries that have witnessed a rapidly changing environment and lifestyle have seen a increase in the incidence of IBD over the past few decades at a rate of change that outpaces what could be attributed solely to genetics [8] . This review summarizes some of the recent literature on traditionally recognized risk factors as well as highlighting the data regarding novel environmental triggers for IBD (Table 1) .
Smoking
Smoking remains the most widely studied and replicated environmental trigger for Crohn's disease and ulcerative colitis. Since the first described inverse association between UC and smoking in 1982, subsequent studies confirmed the protective effect of current smoking on the development of UC, lower rate of relapse, and reduced need for colectomy in current smokers [9] [10] [11] [12] . However, cessation of smoking is associated with an increase in risk of UC within 2−5 years of cessation, and a recent cohort study by Higuchi et al. highlighted that this risk could remain elevated over 20 years [13] . Contrary to its effect on UC, smoking increases the risk of developing CD two-fold [10, 13, 14] , increases risk of disease flares and need for steroids, and is associated with a higher rate of post-operative disease recurrence [9] [10] [11] [14] [15] [16] . Despite strong epidemiologic data, the mechanism how smoking impacts IBD remains unclear as does the reason for its protective effect in UC but deleterious impact on CD [4, 14] . One component of cigarette smoke hypothesized to be responsible for its action is nicotine; animal models demonstrated an amelioration of colitis by administration of nicotine [4] . However, clinical trials of nicotine in UC have yielded equivocal results [17] . More recent studies suggest that the effect of smoking may instead be mediated through oxidative stress [18] . Bergeron et al. demonstrated that mononuclear cells from current smokers with CD secreted lower amounts of interleukin-8 (IL-8), IL-10, and IL-23 compared to non-smokers. This susceptibility to the effect of smoking was not seen in healthy controls and UC patients. In addition, CD patients also synthesized lower levels of the cytoprotective heat shock protein 70 (Hsp70). These findings in conjunction with previous studies suggest that the differential effect of smoking on anti-inflammatory (IL-10) and pro-inflammatory cytokines, and on defenses against oxidative stress, may contribute to its clinical effect on UC and CD. However, mechanisms for the differential effect on both diseases given the strong overlapping genetic component require further study.
Vitamin D
Traditionally recognized for its role in calcium metabolism and bone health, there has been increasing recognition of the immunologic role of vitamin D [19] [20] [21] [22] [23] . Indeed, recent literature suggests that the role of vitamin D is fairly varied and associated with a diverse spectrum of diseases. A deficiency of vitamin D could be a consequence of IBD itself with reduced physical activity, sunlight exposure, malnutrition, inadequate dietary intake of vitamin D, or lower bioavailability, all contributing to the deficiency [22] [23] [24] . However, that vitamin D deficiency is common even in newly diagnosed IBD patients suggests that low vitamin D itself can contribute to increased risk of IBD [25] .
The Nurses Health Study I and II are two large, prospective cohorts of female nurses, initiated in 1976 and 1989, respectively, by the Harvard School of Public Health, to examine environmental influences on chronic disease. Through detailed biennial questionnaires, participants provide information on a spectrum of dietary and lifestyle factors along with information on health status. Two recent studies from these cohorts highlight the role of vitamin D in IBD pathogenesis. Khalili et al. examined the variation in IBD incidence by geography of residence at the time of birth, and at ages 15 and 30 years [26] . Residence at age 30 had a greater impact on disease incidence than that at birth. Women who resided in southern latitudes had a lower risk of CD (Hazard ratio (HR) 0.48, 95 % confidence interval (CI) 0.30−0.77) and UC (HR 0.62, 95 % CI 0.42-0.90) than those residing in northern latitudes. These findings are consistent with data suggesting a similar north − south gradient in disease incidence [27] , mimicking exposure to ultraviolet light, a major determinant of vitamin D status. Indeed, a French study modeling surface UV radiation intensity using satellite data found an increased incidence of CD in areas with low sunlight exposure [28] . To more specifically examine the effect of vitamin D, Ananthakrishnan et al. used the NHS cohort and a validated model of predicted plasma 25-hydroxy vitamin D incorporating dietary and lifestyle variables [29••] . The mean predicted plasma vitamin D ranged from 22 ng/mL in the lowest quartile to 32 ng/mL in the highest quartile. On multivariate analysis, compared to the lowest quartile, women in the highest quartile had half the incidence of CD (HR 0.54, 95 % CI 0.30-0.99); no effect on UC risk was observed. Dietary vitamin D intake had a more modest effect and attained statistical significance for UC but not CD, likely owing to the weaker contribution of diet to overall vitamin D status.
Studies have also examined the association between vitamin D status and disease activity. In a retrospective study of 504 IBD patients, Ulitsky et al. found that lower vitamin D was associated with a modest increase in disease activity and a lower health-related quality of life in CD [30] . In mice models, vitamin D deficiency is associated with an increased susceptibility to dextran sodium sulfate (DSS)-induced colitis [21, 31] . An improvement in the severity of intestinal inflammation was noted within 2 weeks of supplementation with 1,25(OH) 2 D 3 [31] . Using microarray analysis on colonic biopsy tissue, Zhu et al. found that several of TNF-α related genes in colonic tissue were down-regulated by administration of 1,25(OH) 2 D 3 [32] . Jorgensen et al. performed a randomized, double-blind placebocontrolled trial administering a daily dose of 1,200 IU vitamin D3 or placebo to 94 CD patients in remission [33] . At the end of 1 year, 6/46 patients (13 %) in the vitamin D arm had relapsed compared to 14/48 patients treated with placebo (p00.06). The prior mechanistic studies and the Jorgensen clinical trial suggest the need for larger studies of vitamin D as a therapeutic agent in the treatment of IBD, particularly CD, either as monotherapy or in conjunction with existing treatments.
Medications

Aspirin, NSAIDs
The gastrointestinal adverse effects of aspirin and nonsteroidal anti-inflammatory factors are well recognized. However, while their potential effect in triggering onset or relapse of IBD has been clinical suspected, limited high quality evidence was available to support this. Prior literature were mostly from case − control studies where exclusion of confounding by indication, identifying use of aspirin or non-steroidal anti-inflammatory drugs to treat pre-diagnosis symptoms of CD and UC, and differentiating NSAID enteritis or colitis from true idiopathic IBD have been difficult to achieve. The European Prospective Investigation into cancer and Nutrition Study (EPIC) is a large, international prospective cohort to examine diet and lifestyle factors in cancer and chronic disease. The EPIC cohort recruited men and women between the ages of 30 − 74 from several participating sites across the UK, France, Denmark, Italy, Spain, Greece, Norway, and Sweden, and recently published results have furthered our understanding of environmental factors. Chan et al. identified a six-fold increase in risk of CD among regular users of aspirin but no such association with UC [34] . The effect was more prominent in non-smokers. In contrast, Ananthakrishnan et al. using a detailed and time varying assessment of aspirin and NSAID use, found no association between dose, duration, or frequency of aspirin use and risk of either CD or UC [35] . However, high dose, prolonged duration, and frequent use of NSAIDs was associated with an increased risk of CD and UC [35] . While neither study sheds light on the relative safety of these agents in the setting of established disease, data on frequency of flares triggered by aspirin or NSAIDs has been conflicting, as recently reviewed [36•] . There was no association between NSAID intake and symptomatic flares in the Manitoba IBD cohort [37] . However, a prospective trial of acetaminophen, diclofenac, and indomethacin in IBD patients in remission demonstrated an increase in fecal calprotectin and a symptomatic flare in up to a third of patients within 28 days of use, primarily occurring within 7 days of initiation [38] .
Hormone Use
Confirming prior studies and meta-analyses [39] , Khalili et al. demonstrated an association between ever-use of oral contraceptives and increased risk of CD [40] . In UC, an effect was noted only among those with a past history of smoking suggesting a potential interaction. In contrast, among post-menopausal women, hormone replacement therapy was associated with an increased risk of UC with a greater effect with longer duration of use [41] . Estrogen alone, and combined estrogen+progestin therapy had similar effects. In contrast, a case − control study using General Practice Research Database (GPRD) demonstrated an association between hormone use and CD but not UC [42] . Finally, a study by Kane et al. identified a lower risk of IBD flare among hormone users [43] . Given the divergent results, further studies addressing these hypotheses are essential to determinate the accurate effects both on incident disease and on the risk of flare in those with established disease.
Antibiotics
Given the established central role of intestinal flora in the pathogenesis of IBD, it is possible that environmental factors such as antibiotics influence risk of development of disease through their effect on the microbiome. Less is understood about the temporal relationship between the microbiome and disease development, whether early life flora acquired during birth and infancy is critical, or whether an individual at-risk for IBD remains susceptible to dynamic changes in flora associated with dietary patterns or other lifestyle factors. Shaw et al. explored both these hypotheses using the Manitoba population-based IBD registry. Antibiotic use within the first year of life was more common among pediatric IBD cases (mean age at diagnosis 8.4 years) compared to matched controls (58 vs. 39 %, adjusted odds ratio 2.9, 95 % CI 1.2-7.0) [44] . A similar analysis among adult IBD subjects revealed that individuals receiving ≥3 antibiotic dispensations 2 or more years prior to diagnosis had a modestly greater odds of being an IBD case (OR 1.5, 95 % CI 1.3-1.8) [45] .
Stress
Stress has long been purported to play a role in the pathogenesis of CD and UC, and to mediate a role in disease flares [46] [47] [48] . An elegant prospective study by Bitton et al. suggested that individuals with lower levels of stress and better coping mechanisms had a reduced risk of disease flare [49] . Mood components of perceived stress including depression and anxiety may play a strong role in mediating this exacerbation of disease related to stress [50] . Much of the literature on the role of stress or depression on disease incidence has been restricted to major life events or retrospective ascertainment of exposures, susceptible to the possibility of recall bias or reverse causality. A prospective study using the Nurses Health Study found that both recent and remote depressive symptoms ascertained using the mental health inventory (MHI-5), were associated with increased risk of CD but not UC [51] . The effect of recent depressive symptoms within 4 years of diagnosis was more prominent than that of remote depression. There is limited high-quality data on whether interventions to treat depression or stress can modify its effect on disease. A retrospective observational study by Goodhand et al. found a reduction in the number of symptomatic relapses and need for steroids if the year following initiation of anti-depressant therapy than in the year prior [52] . However, a Cochrane review found no benefit of psychological interventions on IBD [53] .
Air Pollution
Several lines of ecological and epidemiologic evidence suggest that ambient air pollution may contribute to risk of CD and UC. U.S. population-based studies demonstrate an increase in the incidence of CD and UC between 1940 and 1980, which correlates with the era of rising ambient air pollution prior to widespread implementation of environmental regulations. Also, the rising incidence of CD and UC in developing countries parallels industrialization [8] . Several biological mechanisms plausibly mediate association between environmental air pollution and IBD [54, 55] . Elevated atmospheric particulate matter is associated with an increase in circulating polymorphonuclear leukocytes and plasma cytokines including TNF-α and may impair vascular function [54, 55] . In support of this hypothesis, Kaplan et al. using The Health Improvement Network database in the United Kingdom found that residence in an area with the highest tertile of NO2 was associated with an increased risk of CD while higher SO2 exposure was associated with increased risk of early (<25 years) UC [56] . Similarly, in another study, total criteria pollutant emission was associated with increased rate of hospitalizations for both CD and UC, suggesting that ambient air pollution may also influence established disease [57] . However, further studies from different geographic regions and using more detailed temporal measures of exposure to air pollution are essential to examine if air quality affects intestinal inflammation.
Diet
One of the environmental triggers most commonly reported by patients, but yet one where there is a significant gap in data is diet [58, 59•] . A majority of prior studies have been limited by factors including retrospective ascertainment of diet, allowing for both recall bias as well as modifications in diet that may have occurred since the onset of disease symptoms, and the small number of incident cases limiting power. Recent data from the EPIC cohort and the Nurses Health Study have attempted to prospectively examine the role of dietary factors on IBD pathogenesis.
Much of the work has centered on dietary macronutrient intake. A nested case control study by Hart and colleagues found that participants in the highest quartile of intake of linoleic acid had a two-fold increase in risk of UC (OR 2.49, 95 % CI 1.23-5.07) [60] . A subsequent study by de Silva et al. also identified an association between tissue arachidonic acid concentrations (which was strongly influenced by dietary arachidonic acid intake) and a four-fold increase in risk of UC [61] . In contrast, dietary n-3 PUFA conferred protection from UC [62] . Several n-3 PUFA including docosahexaenoic [63] . In an analysis of the Nurses Health Study, total dietary fiber intake was associated with a reduced incidence of CD but not UC [64] . In addition, the source of dietary factor was also a determinant of disease risk. Fiber intake from fruits, vegetables, and, in particular, cruciferous vegetables, reduced the risk of CD but not insoluble fiber from whole grain or bran diet did not. A subgroup of the EPIC study, the French E3N cohort, examined the association between dietary protein intake and found a direct association between higher animal protein intake (in particular fish and meat) and risk of IBD [65] . The role of dietary micronutrients, particularly those supported by plausible biological mechanisms including iron and zinc, have not been examined in association with disease risk in the prospective studies.
There are far fewer data examining the role of diet in triggering disease flare with no prospective studies examining this question using validated measures of dietary intake. In a survey of 244 IBD patients in France, over half the participants reported belief that diet played a role in disease relapse [66] . However, the spectrum of foods that patients reported excluding to prevent relapse was distributed among the different food groups, suggesting that there may not be uniform dietary triggers to relapses.
Conclusions
Limitations of prior research on environmental risk factors stem from the lack of large cohorts with detailed prospectively collected information on a spectrum of environmental exposures with adequate power to detect weaker effects. Some of these limitations have been addressed through recent analyses of large prospective cohorts designed to examine the role of the environment in chronic disease. As advances in genetics and immunology further our understanding of disease pathogenesis, this knowledge needs to be coupled with high quality data on environmental risks to construct a more comprehensive model of disease development. Given the heterogeneity in effect of many environmental influences, it is likely that there exists an interaction between genetics and environment such that some individuals are more susceptible to the effect of specific environmental factors. In addition, the relative contribution of genetics and environment needs to be defined to understand the role of the environment in those at high-risk of disease. This is important because, given the relative rarity of IBD, a population-based preventive measure is unlikely to have a substantial impact. However, high-risk groups may have a better yield in preventive interventions. Equally, and of more perhaps concern to patients, is the effect of environment on established disease. Unfortunately, other than the effect of smoking, the impact of other environmental factors on established disease remain poorly studied with a lack of high-quality data to guide our practice. To provide the answers, there is a need for the integration of environment questionnaires into prospective IBD registries. This would not only provide a more complete view of the disease itself but also practical answers that will be of value to providers and patients alike.
